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SUMMARY
REQUINM3NTS
A preliminaryinvestigationofthepowerrequirementsforslotted
tunnelsandofmethodsofreducingtheserequirementshasbeenconducted
ina small-scalesingle-slottestsection.AXlpressurelossesreported
wereincurredintheregionbetweentheupstreamendoftheentrancebell
andtheentranceto thediffuser,andinhandlingairtakenfromthemain
streamthroughtheslottedwall. Thelossesassociatedwiththeremoval
ofthebleedairthroughtheslotwithoutrecoveryoftheavailabledynamic
.
pressureincreasedrapidlywithMachnumberand,atMch numbersabove
approximately1.0,exceededthoseassociatedwiththemainflowthrough
thetunnel.Theuseofa sharp-lipcutoffatthedownstreamendofthe
r slottogetherwithanauxiliarypumpforbleed-airremovalprovidedoper-
ationforMhchnumbersbelow1.2atpowerparameterslessthanthosefor
anyotherconfigurationtested.
Testsinwhichclosedejectorswereusedtopumpairfromtheplenum
indicatedthattheminimumrequiredsecondarynozzleareaincreaseswith
Machnumber,thattheoptimmnareaistheminimumareacapableof gener-
atingtherequiredMachnumber,andthatvariationsinmixingtubelengths
fromtheoptimumvalueeffectsubstantialincreasesinpowerrequirements.
Theinstallation,inan open-ejector-typetunnel,ofa bleed-flow
passageandslotdiffuserinplaceof thelsrgevolumeplenm didnot
radicallychangethelongitudinalMachnumberdistributiona dresulted
inoperationat’Machnumbersgreaterthan1.2atpowerparametersless
thanthoseofanyotherconfigurationtested.It isprobablethat,if
diffuserlosseswereconsidered,thearrangementusinganauxiliarypump
withproperlylocatedintaketogetherwitha sharpenedcutoffat thedown-
streamendoftheslotwouldallowoperationat lesspowerthantheejector
- arrangements.
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INTRODUCTION
l
Thelargepowerrequirementsof existingtransonictmels emphasizes .
theneedforresearchtoreducetheenerslossesacrossthetestsection.
Inmostofthesetunnels,airtakenintotheplenumchambere-entersthe
circuithroughan openejectoratthefrpntofthe-diffuser;airthus
entersthediffuserwitha layeroflow-energyairalongthewallssur-
roundingthehigh-energystream.
DataobtaimedintestsoftheLang& 8-foottransonictunnel(~ef.1) ‘“
showthattheincreasedpoweroverthatre@iredforccxuparable-sized
closedtunnelsisduelargelytotheenergylosses ustainedinbleeding
airintotheplenumsurroundingthetunnel,inreturningthelow-enegg
bleedairtothemainairstreamattheentranceto%hetunneldiffuser,
andindiffusingthiscombinedmixedflow---Insomesmallslottedt~els, -
however,thebleedairisnotreturnedtothemainstresmat thetun.@
diffuserbutisremovedfromtheplenumby-anauxili&rypumpwhichis
operatedseparatelyfromthemainstreamairsupply.Inthistypeof tun-
neltheincreaseinpoweroverthatrequiredfora c_lmed.tmeliSa~~oci- ..
atedwiththehandlingofthebleedflow;thediffusqrefficiencymay-be
improvedbythisarrangement;however,sincethebleedairmfLYbe rettined-~
to themainstreamina lowvelocityregionandthus~%nlyminorlosses
incur.Foreithertypeofslottedtunnel,then,any“substantialmprove- ‘
mentinthepowercharacteristicsmu tbe derivedfrcmimprovedhandling
of thebleedair. A preliminaryinvestigationwasthereforeinitiatedat
theAirInductionSectionoftheLangleyLaboratoryto determinethegen- t -
eralnatureofthebleed-airproblem.Thisinvestigationincludedthe
determinationofthepowerrequirementsof--slottedstsectionsinwhich
thebleedairwasremovedfromtheplenumby: (1)anauxiliarypumpwith-
outreturnofthebleedairtothemainstream,and(2)severalstreag-
operatedejectorswhichacttoreturnthebleedairtothemainstreamat
theentrancetothetunneldiffuser.Includedinthe.ejectortestswere
Investigationsfeffectsofbleed-air-jetorggLphe@ht,mixing-tube
len@h,andslot-plenumgeometry.Testsw-e conductedoverq rangeof
Machnumbers.from0.75to1.3.
SYMBOLS
A‘1A one-dimensionalarearatiorequiredata-wtunnelMch .
number —
n
a velocityofsound,ft/sec -
—
h’ ejectorbleed-airgapheight,in. r
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h’/h
h
H
z
Z/h
M
P
T
v
w
x
Y
hp
Subscripts:
b
d
t
o
Bleed-airjetareagapratio,a160equals
Mainairjetarea
tunnelheight,in.
totalpressure,lb/sqft
mixinglength,in.
mixing-length-tunnel-heightratio
Machnumber,V/a
staticpressure,lb/sqft
temperature,‘R
velocity,ft/sec
weightflowofair,lb/see
distancedownstreamfromejectorjetexitorfroIuslot
entrance
distancebelowlowersurfaceoffloorbars,in.
horsepower,550ft-lb/sec
bleedair
mainflowair,total.airminusbleedair
totalair,mainstreamplusbleedair
stagnation
APPARATUSANDMETHODS
Thetestsectionusedinthisinvestigationwasofconstantcross-
section2.25incheswideby 4.50incheshighandwasequippedwitha
singlerectangularslotOk-inchwidelocatedinoneofthe2.2>-inch
walls. (Seefig.1.) Thissingle-slottestsection,whichhasbeen
investigatedarlier(ref.2)andshowntohavea reasonablyuniform
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Machnuuiberdistribution,waschosento simplifymodification.Thetun-
nelairforthisinvestigationwassuppliedby a multiple-stageaxial-
flowcompressorwhichiscapableof supplyinga presstieof2 atmospheres,
Thevariousarrangementsof slotandejectorarepresentedasfig-
ure2. Fortestsinwhichanauxiliarypumpwasused.toremoveairwhich
hadbeenbledthroughtheslot,a sharp-edgeslotcutoffwas placedat
thedownstreamendoftheslot--separatinghebleedi?lowfromthemain
streamflow. (Seefig.2(a).) Theslotcutoffwasi%ollowedby a con6tant-
areasection~ @cheslonganda diffuserW.* inchesinlen@hwithan
arearatioof3.11to 1. Twoslotconfigurationsweretestedwiththe
auxiliarypumpingsystem:(1)therectangularslotoffigure2(a),and
(2)thatoffigure2(b)inwhichtheslotdiffuserwasadded.Theini-
tialclosedejectorthroughwhichthebleedflowwasreturnedtothe
mainstreamutilizeda sharp-edgedividerbetweenthemainstreamand
thebleedairas showninfigure2(c). Thisdivider,beginningata
pointl+ inchesfromtheleadingedgeoftheslot,formeda constant-
3cross-sectionprimarynozzle& incheslong
.( )1~h precedingthemixing4 2
tubewhichwasofvariableheightandIengfl,1.222h~ol.~~h”and ~ _
2.67hto13.33h,respectively.No diffuserwasUsed”=btheseclosed
ejectortests.Openejectorarrangements,socalledbecausethe~in
flowand.bleedairarenotseparatedby a mechanicaldivideras inthe
initialejector,werealsoinvestigated(figs.2(d)to2(g)).Forthese
open-ejectortests,thefloorbarswerebeveledalong—adiagonalbegM=-
ningfromthelowerinsidedge,~ inchesfromtheleadingedgeofthe
slot,andextendingto theuppero~tsiaedgeat the~ownstreamendof- “-
theslot.Theangleofthebevelwasfixedtopassthroughtheupper
insidedgeandloweroutsidedgeofthebarsina lengthof2 inches
andtopassthroughtheupperoutside.edgeoftheb=..lna lengthof
4 inches(attheendoftheslot).Theplenunscoop@s ofa reflexed”
typesimilartothatfoundto givebestresultsinthetestsofrefer-
ences1 and3. (Seefig.2(d).) Modificationstotheslotsusedwith
thisopenejectorarepresentedinfigures2(e),2(f),and2(g);these
modificationsincorporatea diffuserfairingfromslottoplenum(as@
.
—-—
fig.2(b)),a ductedbleedpassage
anda combinationf slotdiffuser
respectively.Theseopenejectors
followedby a 2.97to 1 arearatio
Pressure-tubeinstrumentation
usinga fillerblo[~intheplenum, ._
fairingwitha ductedbleedpassage,
hada ~ inch(0.778h)mixingtube
diffuser.” —
c sisted”ofa rowof”surfacestatiti-
pressuretubestheentirelengthoftheUPPW tunnelw=all,a rowQ~ sur-
facestatic-pressure-tubesonthelowerwalloftheejectormixingtube, e
foursurfacestatic-pressuretubesinthetunnelthroat,a total-pressure
tubeintheupstresmduct,anda movablerakeofeleventotal-pressure
andtwostatic-pressuretubes. JTheplaneoftherake.ishownforthe
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l individualconfigurationsinfigure2. Allpressuretubeswereconnected
toa multiple-tubemanometerandthepressureswererecordedphotographi-
cally.Tbtalairflowwascomputedby useofthethroatstaticsandthe
upstreamtotalpressuretogetherwiththestaaationtemperature.Total
pressuresfromtherakewereflow-weightedand-inte@zatedtofindthe
total-pressurelossandthenconvertedtoa test-sectionpowerparameter
whichisderivedintheappendix.Thepowerrequirementsreportedhere
arethoserequiredto overcomethelossesoccurrtigacrosstheslotted
testsectionandmixingtubebetweentheentrancebellandthetotal-
pressuremeasuringstation.Foralltestswheretheauxiliarypumpwas
used,bleed-air—flowquantitywasmeasuredwitha calibrated2-inch-
diameterorificeinthepump-intakeduct;bleedtotal-pressurelosses
(%-n) andmatiStreamlosseswereconvertedseparatelyto thepower
parameterderivedintheappendix.Forthesetestswithauxiliary
pumping,anadditionaltotal-pressuresurveynotusedforpowercalcu-
lationswasconductedverticallyintheregionthroughtheslotandbelow
thefloorbarson eithersideoftheslot(figs.2(a)and3).
RESULTSANDDISCUSSION
AWiliaryPumping
Rateofflowthroughslot.-Tlheratioofbleedairto totalair
requiredtoprducea desiredMachnwnberwithauxiliarypumpingisshown
infigure4. AtMachnumbersbelow0.83,noauxiliarypumpingwas
requiredandallairwasexhaustedthroughthediffuser.Above M . 0.83,
however,itbecemenecessaryto remove air ficzntheplenumchamber,thou@
auxiliarypwnps,ata rateconsid~ablyinexcessofthatcorresponding
to isentropicexpansionoftheairstreamto thedesiredYlchnmnber.A
partofthisdifferencer sultsfromneglectingtheboundarylayerinthe
slottedregion.AtWch numbersnearunity,wherethedifferencebetween
measuredandcalculatedbleed-flowratesis greatest, additionalquanti-
tiesofbleedairmustbe removedequalto thedifferenceinmassbetween
themainflowandtheflowcorrespondingtochokingintheconstant-area
ductfollowingtheslottedtestsection.Above M = 1.2,therisein
bleedflowisassociatedprimarilywithone-dimensionalareaeffectsand
closelyfollowsthetrendofthetheoreticalcurve.Higherflowrates
wererequiredwiththeslotdiffuserat allMachnumbersexceptthose
betweenO.% andl.~.
•. Total-pressuredistributioni theslot.-In ordertounderstandthe
natureof theflowintheslotandplenumbetterandto definethecon-
ditionofthesecondaryflowfortheejectorarrangements,a limited
~ total-pressuresurv~ywasconductedat thebleed-flowsurvey-rakeplane,
whichislocated+ ~chesfromtheleadingedgeof slotandextended
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from0.1inchaboveto 1.65inchesbelowthefloorbars(fig.2(a)).
Figure5 presentsthetotal-pressurecontoursthroughtheslotandin -z
thebleed-airplenumforthebasicauxiliarypumpconf@.zration(fig.2(a)) ‘-
at severalMachnumbers.Thesecontourshowthatconsiderabletotal
pressurexistsintheflowdirectlybeneaththeslot;however,thepres-
suredropsrapidlyintheregionbeneaththe_solidportionsofthefloor
andapproachesthet_uel staticpressure._Itshould]enotedthat--the
flowvaluesoftotalpressureindicatedattheuppersurfaceofthefloor
forsubsonicWch numbersistheresult”ofmixingofthelow-ener&yair-
intheslotwiththemainflow.AtMachnumbersgreaterthan0.83,where
auxiliarypumpingisrequired,higherenergyair@ drawnintotheslots
andthemeantotalpressurerisesrapidlywithMachnumber.Thesedata
arepresentedingyeaterdetailinfigure6 wheretotalpressureis.
—
plottedasa functionofdistancefromthelowersurfaceofthebars.‘–”
—.—
Powerrequirements.-T!hetheoreticalpowerrequirementsforaslotted
tunneltestsectionhavebeencalculated,by themethodoutlinedinthe
appendix,onthebasisofa normal-shock-total-presgurelossat thefree-
stresmMachnwnbertogetherwithan assumed‘Eompletelossofdynamicpres-
sureforthebleedairwhich,fortheoreticalpurposeszflowsat a rate
determinedbytherelationshipbetweentheone-dimensionalstreamtube
areaandtheMachnumberandispmped by a 100-percent+efficientbleed>.
airpmnp. Theexperimentalpowerrequirementscanbe determinedsimilarly .
fromtotal-pressuresurveysinthemainstreamandmeasuredbleed-flow —
quantitieswithassumedtotallossofdynemicpressuezforthebleedfl_ow.
Theoreticalndexperimentalpgwerrequirementsforthgtest-sectionconf-
igurationshowninfigure2(a)arecompmed-infiVe.7(a). Thesedat~ _~-—
indicatea minimumtotalpowerrequirementperpoundogflowat M= 0:9. ““ _
AtMachnumbersabove0.9,themeasuredpowerissomewhatgeaterthan
thetheoreticalpowerprimarilybecauseofthelargerFequiredquantities
ofbleedair. At lowerspeeds,however,thelossesareaccountableto
mixingintheslotitself.An examinationfthepowerrequiredby the
bleedflowaloneas comparedtototalpwer requirem~tstressesthe .
needforkeepingthebleed-airflowratetothemin$mgmvalueforgener-
atinga required~ch numberandforrecoveringallpo~~ib~etotalPres= ____ ._
sureinthebleedair. Thebleed-flowq@ntitycouldbe reduced,espe-
ciallybetweenM $X0.83 and M = 1.2,byreducingthelengthofthe
constant-areatubedownstreamoftheslotandthusavoidingthechokin~
thatoccursinthisMachnumberange. . —
-
Inan effortorecovermoreof thebleed-airtotalpressure,the
sidesoftheslotwerefairedfra.ntheloweredgesofthefloorbars
smoothlydownwardonanarbitraryradiustothefullwidthoftheplenum
forminga bleed-airor slotdiffuser.(Seefig.2(b).) Thepowerrequire- ““‘“
mentsforthisarrangementarepresentedinfigure~(b~.A comparison.of
thesedatawithfigure7(a)indicatesa netincreaseMrequlredpowerfor - ~
thearrangementby usingtheslotdiffuser._...Thisincr~secomesentire_~
fromthebleedair,whichwashandledinevenlargerquantitiesthanin
theoriginalarrangement. --
—
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<’ Thesetestswitha sh~p cutoffat theendoftheslotandwith
auxiliarypumpingforthebleedairindicatethatthissystemcanoperate
atpowersapproachingthetheoreticaltMachnumbersabove1.2andthat
a slotdiffuserisdetrtientaltothepowercharacteristicsofthetunnel.
Itappearsthata reductioninpowerwouldresultiftheauxiliarypmp
intakewerealinedwiththeslotflowtotakeadvantageofthehightotal
pressureintheplenum at theendof theslots;anyexaminationfthe
powerrequtiementsfora completetunnelcircuitshouldincludeconsid-
erationsofthevelocitydistributionspresentat theentrancetothe
diffu”ser,whichwereexcellentforthesetestsusingtheauxiliarypump,
andpossiblesavingsindiffuserpowergainedtherefrom.
EjectorFumwing
Thearrangementshowninfigure2(c)hasbeenchosenasa simple
e~ectorforthispreltiinaryinvestigation.Here h and h’ arethe
heightsof thehigh-velocityandlow-pressure(main-streamandbleed-air)
jets,respectively,and Z isthelengthofthemixingregion.Since
thewidthisconstanthroughout,hegapratio h’/h isequalto the
arearatioofthesecondarytoprimaryjets.Theslottedtestsection
isfollowedby a constant-areatubesimilarto thatusedfortheauxil-
. iarypumpconfigurationexceptforan increaseinlength,1*h as com-
psredto 1 h.
-.
8- Effectofmixing-tubel ngth.-Severalpreliminaryunsestablished
thatata gapratioof 0.389thetunnelcouldbe operatedup to M = 1.2.
Withthisga~ratioof0.389,a seriesoffivemixingsectionsin
l-footincrementsfroml-footo 5-feetlongandofconstantlongitudinal
crosssectionweretestedtodeterminetheeffectofmixtig-tubel n~h .
onthepowerrequiredto overcomelossesintheslottedtestsectionand
inthemixingtubes.Resultsof thesetests,presentedinfigure8, show
a variationofalmost2 to 1 inpowerrequirementsa themixing-tube
‘len@h~ied between~ = 13.33and ~ . 2.67 fortheWch number
—
rangetested.It isinterestingtonotethatalllengthshada practi-. .
tallylinearvariationofpowerwithMachnumberthroughthetestrange
andthatalllengthsrequireda greatdealmorepowerthanthetheoreti-
cal. Thisincreaseinpowerisdueinparttothelongerconstant-area
tubefollowingtheslottedtestsectionandthecorrespondingincrease
inchokingeffectswithhigher equiredbleedflow. Thischokingfixes
the?Llchnumberofthemainairjetandtendstofixthestaticpressure;
thus,theperfomnanceoftheejectorispenalizedsinceincreasesintest
* sectionMschnumberdonotchange
jet.
N Thesedataexecross-plotted
mixinglength-testectionheight
ure8(b). Heretheoptimumvalue
theconditionsof theprimsryejector
by presentingpowerasa functionof
ratioforseveralMachnumbersinfig-
of ~ a,ppearstobe about6.4. For
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shorterthanoptimumlengthsthelo.w-en.er~bleedair2S exhaustedto_
atmosphericpressurewithoutbenefitofcompletemixingandener~trans- 4
ferfromthemainstresm.Someimprovement-inm xingratemightbe accom-
plishedintheshortersectionsby useofvortexgeneratorsor slatsfor
deflectingthemainairstreamdownintothere-enteringbleedair;con-
sequently,itmaybe possibleto shiftthepointof optimumoperationto
a somewhatshortersectionby useofthesedevices.Asthemixinglength
isincreasedbeyondtheoptimumvalue,thepowerparameterincreased
rapidly.Forthelongestmixingttiej~ =.13.33,a studyofthelongi-
tudinalstatic-pressuredistributioni dicateda re-ac~elerationt ward
theendofthetube. (Seefig.9.) Thiseffectisprobablyduetothe
developmentofa verythickboundarylayerandformationofan effective
contractioni thisregion.Thehighpeakpressureindicatedat station
x= -3 istheresultofbleedairimpingingontheltiwersurfaceofthe
passagewhichformsthebleed-airjetoftheejector.j.Theseclosed-‘“
ejectordataindicatea definiteoptimumvalueofmixinglengthwhich
var?eslittlewith~ch numberthroughtherangetested.It isnot6ug-
&stedthatthesamelengthwillbe optimumforotherejectorgaps.
.—
Effectof@P ratio.- In.additiontotheinitial@p ratioof0.389,
twoadditionalgapratiosweretestedtodeterminetheeffectof gapwidth
onpowerrequirements.Thegapratioschosenwere0.222and0,556;and .
the ~ .8 mixingtubewasused.Resultsofthesetestssrepresentedh -.
infigure10. Withthesmall=”gap,thebleedflowap~earedtobe lim{~ed
sothatthemaximumattainableMachnumberwasreduced”belowthatforthe
..-w
0.389gapratio;however,increasingthegapratiobeyond0.389hadno
effect,onthemaximumattainableMachnumber.Thesedataalsoshowa
variationofabout2 to 1 betweenthepower“requiredby thetwoextreme
h’cases,— = 0.222and0.556,fortherangeofgapratiosandMachnum-.h .
herstested.WithinitsMachnumberange,theconfi~ationwiththe__
smallestgapratio,0.222,requiredtheleastpower..~elargergapratio
causedconsiderableincreasesinpowerparameterbecauseofa decreasein
theefficiencyofdiffusionandejectorpump_ing.Itappears,therefore,
thatthesmallestgapcapableofbleedingoffthesmountofairnecessary
toproducea desiredMch numbefwillalsobe theonerequiringtheleast
poweratthatMachnumber. —. .. .--—
Effectofcontinuousopenslot.-In~ furtherattemptorecoversome
ofthetotal-headenergyofthebleedair,
(figs.2(d)to2(g)).
open-t~eejectorsweretest~d
Here,insteadofusinga sharpenedS.COOPattheend_______..
oftheslot,thefloorbarsweretaperedat thetrailingedgefromcenter
to edgeandfrombottomto topsothattheslotw@scomflletelyopenedat n -.
thebackandallowedthebleedah toflowbackintothemainstreamfrom
.-
a slotthefullwidthofthetestsection.Intheinterestsof simplicity F ““
ofconstruction,thetaperedportionofthebarwasstraightratherthan _
curvedorfairedfromthesurfacesofthebar. Airfromtheplenumis
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* collectedby an elongatedscoopsimilarto thatpresentlyusedinseveral
largetunnelinstallations(refs.1 and3),andbroughtoutofthechamber
(
througha gapl-inchigh & . 0.222) atwhichpointitremixeswith
themainflow. Theleadtigedgeoftheplenumscoopislocated2 inches
belowthesurfaceofthefloorbars. Thescoopthusfunctionsasa col-
lectorforbleedairandasa ducttoreturnthebleedairtothemain
flow;thepurposeofthisarrangementistoreducemixinglossesbetween
bleedairfromtheslotanddormantairintheplenum.
Resultsoftestsinwhichthisejectorarrangementwasusedarepre-
sentedasfigure11. Thefirsttestofthisseriesusedonlythebasic
plenumscoopshowninthesketch(fig.2(d)).Thesedata,shownwith
circlesymbols,exhibiteda riseinpoweratMachnumberslightlybelow
1.0similartothatfortheslotscoopusingtheauxiliarypump. (See
fig.7.) Thisrisemightnotoccuratsucha lowMachmmiberifa differ- _
entpositionoftheplenumscoopliphadbeeninvestigated.An examina-
tionofthetotal-pressuredistributionsattheentrancetothediffuser
-.
indicatedt-t thisincreaseinrequiredpowerfrom M % 0.83to O.% is
associatedwiththebeginningofpupingby theejector.Thesedatashow
slightlyhigher~wer requiredthanthatforthemostefficientclosed
(ejectortested ~ . 0.222 and
1
)- = 8 ; thisincreaseinpowerisattri-. h
butedtoan insufficientlengthofmixingtubeontheopenejector.
HigherMachnumberswereobtainedwiththeopenejectorthanwiththe
. closedejectorbecauseoftheincorporationofa diffuserontheopen-
ejectorarrangaent.
Sincetheopenejectoroperatedatpowerrequirementsapproaching
‘choseoftheclosedejectorwiththesamegapratio,andsinceit issimil-
ar to severalargetunnelspresentlyinoperation,itwasconsidered
desirableto useitasa basisforseveralmodificationsdesignedto
reducepowerrequirementshroughimprovedhandlingofthebleed-airflow.
Thefirstmodificationwastheuseoftheslotdiffuserwhichhadbeen
usedwiththeauxiliary-pumpconfi~ation.Thedownstreamendofthis
diffuserwasKl_aredtomatchthewideningdownstreamendoftheslot.
(Seefig.2(e).)As canbeseenfromfigureU.,thenetresultwasan
increaseinrequiredpowermuchthesameaswasobservedinthecaseof
thesharpenedscoopwithslotdiffuser.
Effectofplenumchambersize.-Anothermodificationftheopen
ejectorconsistedofa fillerblockwhicheffectivelyformeda plenum
bleed-flowpassageandductedthebleedflowontotheSCOOPas shownh _
.
figure2(f). Theuseofthisarrangementgreatlyreducedthevolumeof
theplenum,butonlyslightchangeswereobservedinthelongitudinal
“ static-pressuredistribution(fig.12). ‘I!heonlychangewasan earlier
riseinpressurecorrespondingtoa shockanddecelerationnearthedown-
streamendofthetestsection.As canbe seeninfigure11,theinstal-
lationofthisfillerproducedsubstantialreductionsinpowerrequired
10
at subsonicMachnumbers
ejectorconfigurationat
oftheductedbleed-flow
we 2(g)andresultedh“
testMachnumberange.
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butmadelittleorno changefromthebasicopen
Machnumbersgreaterthan1.0. A modification
passageaddedtheslotdiffuseras showninfig- ‘-
substantialreductionsofpowerovertheentire
Forthisconf@uratlonallthe.energyofthe
bleedflowisnotreducedtothelevelofthestaticpressurei.nthe
chamber,as indicatedby theexperimentalpowdervalues fallingbelowthe
theoreticalvaluesatthehigherMachnumbers.Hereagain,thevolume
ofthechamberisgreatlyreducedfromthatoftheoriginaltests,btit
changesinthelongitudinalstaticpressurewerelimitedtotheearlier
riseinpressurenearthedownstreamendofthetestsectionas shownin
figure12. It isnotedthatat~ch numbersgreaterth&n1.2,this
arrangementrequiredlesspowerthaneitherofthearr~-gementsu ing
auxiliarypaping;however;itisprobablethatsimilarimprovementsin
powerrequiredcouldbemadewitheitherofthesearrangementsby using
thecombinationductedbleedflowandslotdtifusermodificationif,in
thecaseoftheauxiliarypump,thepointofremovalof~bleedairis
movedtotheendofthetunnelandalinedwiththeductedbleed-flow
—
passage.
CONCLUSIONS
Thesedataobtainedfromtestsina 2~-by&-inch”constant-cross-_
section,single-slottestsectionallowtheformulationafthese
conclusions: —
(1)Theuse ofa sharpenedslotcutoffatthedownstreamendofthe
slottogetherwithanauxiliarypmnpforbleed-airemoyalprovidedoper-
ationforMachnumberslessthan1.2atpower.parametersle sthanthose
foranyotherconfigurationtested.Ifdiffuserlosseswereconsidered,
thismightwellbe themostdesirablearranganentfi?omfhepowerview- -
point,sinceitprovidesa nearlyboundary-layer-freelowintothedif-
fuserentrance.
(2)Theinstallationi theopen-ejector-typetunnelofa bleed-flw
passage(smallvolumeplenumfordirectingbl~j?dflow)togetherwitha
slotdiffuserdidnotradicallychangethe-longitudinalM chnumberdis-
tributionofthebasicslottedtestsectionendresulted-inoperationat
Machnumbers~eaterthan1.2atpowerparameters”lesstbn thosefor
anyotherconfigurationtested. —
(3)Formintimpowerrequiredinan ejector-typetunnel,there
existsa definiteoptimumlengthofmixingregionfora givengapratio.
--
b
—
—
—
.-
.
*
n-
.—
.
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z (4)Fortheejector-typetunnel,thesmallestgapcapableofbleeding
offtheamountofah necessaryto generatea desiredMachnumberwill
alsobe theonerequiringtheleastpoweratthatMachnumber.
LmgleyAeronauticalLaboratory,
NationalAdvisoryConrnitteeforAeronautics,
LangleyField,Vs.,May25,1953.
.
.
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DerivationfPowerParsmeter
Foran isolatedportionofa tunnelsystemsuchas isunderconsid.
erationinthepresentreport,-certainssumptionsare~equired.First,
thetunneldiffuserisassumedtobeperfect;thatis,thefinalstatic
pressureisequaltotheinitialdiffusertotalpressureandthefinal
diffuservelocityiszero.Second,itisassumedthatnoheattrsmsfer
occursthroughthetunnelwallsorthatthestagnationtemperatureof
theflowisconstant.Thelossesinsucha systemappeiwasreductions”-
inthetotalpressureoftheflQw. Then,fromanybookonthermodynamics,
theworkrequiredto increasethepressureoftheairflowingoutofthe
diffuserby anamount-equivalenttothetotal-pressuredropinthetunnel —
is (inan isothermalprocess),
()mlWork= WRTOloge —H02
whereworkistheworkinfootpoundspersecond,
persecond,R isthegasconstant53.3, To is
tureoftheflow,Hol istheinitialstagnation
and H02 isthefinalstagnationpressure.
..-
Thepowerrequired,whichisthethe rate
then,intermsofhorsepower
.
w is.theweightflow
thestagnationtempera-
pressureoftheflow, l
. --.
.—
ofener&yrequired,is
.-
WThp
()
%=~Rloge —
550 %;
or
hp R
()
log %1
—=—
WTo 550 ‘q
m
Inordertoconvertheforegoingparametertohorsepowerpersquarefoot
oftunnelcross-sectionalarea,multiplyby theweightfiowpersquarefoot
oftunnelareaandby thestagnationtemperature.Thegeneralmulti@ying v
factor‘%jzTo pvPoaoRTO PO~. It isassumedreducesto 0.~90ao
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that pVlpoaoismeasuredatthethroatsincetotalflowisdesired
andanyotherstationisliableto errorsdueto slotflow. Thus,for
subsonicMachnumbers,thevalueof pV/poaocorrespondingto thethroat
Machnumbermustbe usedbut,forsupersonicMachnunbers,thethroatis
alwayssonicandthefactor‘beccmes0.532Po~To=
.
.
14 NAC!ARM L53F1O -
.- 4
REFERENCES .—_ —
1.Whitcomb,Richard‘T.,Carmel,MelvinM.,andMorgan,FrancisG..,.Jr.:
An InvestigationoftheStream-TubePowerI.osses&.nda Improvement
oftheDiffuser-EntrticeNoseintheLangley8-Fo~t!l?ransonicTunnel. ....
NACARML52E20,lg52.
.
2.Nelson,WilliamJ.,andBloetscher,FYederick:pre~iminaryInvesti- ‘- ~
gationofa VariableMachNumberTwo-Dimensional-SupersonicTunnel
ofFixedGeometry.NACARML9D29a,199.
3. Ward,VernonG.,Whitcomb,CharlesF.,tiaPearson,_MerwinD.: Air- _ _
FlowandPowerCharacteristicsoftheLangley16-FootTransonic
TunnelWithSlottedTestSection.NACARM L52EOl,1952.
.
NACARM L53F1O 15
slotcutoff
Throatstatic-pressuretubes,
2eachsideoftunnel
Figurel.-Generalarrangementoftunnelwithslotcutoffinstalled.
.- —..—
hlr flou
Oqulvalait
l—-----l--+,
o
Figure2.-Line
ofthe
mlwoy *
(a)Sharpenedslotcutoff.
drawingsofa verticalsectionthroughthecenter
tunnelshowingthevariouslotarrangements.
line 3!
. >
I
I ,,
, ?
Air mm
w
A-
*
I
I
I
A
0’
(b) Sharpenedslot
Figure
cutoff wf-thslotdiffuser.
2.- Continued.
P
w
. ,
h+h$
M1.xiagtubo~
/
Plmeoftotal-pra8uro a-Ys
for pmmr requlr8aalta
(c) Closed ejedor and mixing
Figure2.-(!ontinued.
tube.
. ,b
,,
l *
+ r.
T =4A- L
Plane of tots-preuuro
surveys for pover re-
quirements
T
SecitiooA-A
(d) F&sic open ejector.
Figure2.- Conttiued.
G
. .-
, *
I
(e) Open ejectorwith slot diffuser.
Figure 2.- CentM.msd.
i2
.
r ,
Mrflaf
(f) Open ejectorwith filler
I
aultlcmA4
block.
k!
Figure 2.- Continued.
I
* ,
Seaticm A-A
I
(L?)ma eJectOrwith slot diffueerma fillerblock.
Figure 2.- Concluded.
* b . ,
,,,,
.l
NACAti L53F1O 23
a
.
Air flow _
l--———”~~
I slotcutoffY~Jo..
-.>—
1
_ Surveyplane
/ —%/
‘\ ~ Bleed-airplenum
{
\\ /’
.-
— Toauxiliarypump
Tube
1
2
(a)Elevationview,sectionthroughtunnelcenterline.
MstancefromcenterIine,in.
0.48
.25
.18
l43
.06
I
I
Y(-)
t+
31L
(b)Crosssectionoftunnelflooratplaneofrake,lookingupstream.
Figure3.-
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Linedrawingofthelocationandarrangementofbleed-flow
surveyrake. (Usedwithauxiliarypump,fig.2(a).)
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Figure5.-Contoursofconstsdtotalpressureasmeasuredwith
surveyrake. Seefig.2(a).
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